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ABSTRACT 

Photographic measures of surface features on Mercury have 

led t o  a rotation period of 58.663 2 0.021 days, agreeing well 

with the 58.646-day period required by a predicted 2 : 3  resonunce 

between the axial and orbital periods. 

earlier visual and photographic observations which specified 

the long-held 88-day rotation period appears t o  be part ial ly  

aplained by peculiar characteristics of the observability of 

various hernographic longitudes. Additionally, the apparent 

contrast of most of the recorded surface features i s  found t o  be 

marginal for  visual observation when viewed through the terres t r ia l  

daytime sky .  The in t r in s i c  contrast of a re la t ive ly  conspicuous 

feature was measured as 0.20,  a value lower than that of typical 

markings observed on the moon and Mars. 

The interpretation of 

Throughout most of this century we have unhesitatingly’accepted the 

axial rotation period of’the planet Mercury as being 88 days, o r  with 

somewhat less certainty as 87.969 days, an interval precisely equal to 

its period of orbital revolution about the sun. 

period was first announced in 1890 by the Italian astronomer G. Schiaparelli 

This 88-day rotation 

(1890)  following 8 years of visual observations through his modest telescope. 
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Repeated confirmation was given by severa l  French and American astronomers 

over t h e  next severa l  decades, but t h e  matter  was considered s e t t l e d  

when the  eminent p lane tary  astronomer E.M. Antoniadi (1934) published 

h i s  support  of t h e  88-day per iod.  

it was submitted by A. Dollfus (1953, 1961) i n  the  form of both v i s u a l  and 

photographic evidence obtained a t  t he  French h igh -a l t i t ude  observatory a t  

Pic-du-Midi. 

s tand  alone; t h e o r e t i c a l  arguments suggested t h a t  s o l a r  g r a v i t a t i o n a l  fo rces  

ac t ing  on a t i d a l  deformation would lock Mercury's a x i a l  and o r b i t a l  per iods  

i n t o  synchronism i n  a manner s imilar  t o  t h a t  of t h e  moon i n  i t s  o r b i t  about 

t he  e a r t h  (see Antoniadi, 1934). 

If s t i l l  f u r t h e r  confirmation were needed, 

I t  should be noted tha t  t h e  o p t i c a l  i n t e r p r e t a t i o n  did not 

With t h i s  h i s t o r i c a l  background i n  mind, one can apprec ia te  the  impact 

of t h e  1965 announcement by Pe t t eng i l l  and Dyce (1965) t h a t  t h e i r  radar  

observat ions of Mercury gave evidence f o r  a r o t a t i o n  per iod of 59 t 5 days 

Almost as i n t e r e s t i n g  as t h i s  new discovery i t s e l f ,  was t h e  suggestion by 

Colombo (1965) t h a t  t he  r o t a t i o n  period might be equal t o  exac t ly  2/3 of t h e  

o r b i t a l  per iod,  o r  58.646 days. With improved radar  measures converging on 

the  59-day per iod,  Goldreich and Peale (1966), J e f f e r y s  (1966), Colombo and 

Shapiro (1966), and o the r s  found t h a t  it i s  indeed poss ib le  f o r  Mercury's 

a x i a l  r o t a t i o n  t o  be locked i n t o  a 2:3 resonance with i t s  o r b i t a l  revolu t ion .  

A s  t h e  case f o r  t h e  88-day ro t a t ion  per iod began t o  weaken, a c l o s e r  

inspec t ion  was made of t he  e a r l i e r  v i s u a l  and photographic records,  p a r t i c -  

u l a r l y  t h e  French observat ions (Fournier, Antoniadi, Camichel, Dollfus)  

which a r e  general ly  considered t o  be the  most r e l i a b l e .  

Chapman (1967) and Chapman (1967) found t h a t  c e r t a i n  v i s i b i l i t y  r e l a t ionsh ips  

had combined i n  such a way t h a t  the h i s t o r i c a l  records could support e i t h e r  

Cruickshank and 
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the  88- o r  59-day per iods ,  although they assigned g rea t e r  p r o b a b i l i t y  t o  

the  l a t t e r .  

w i l l  l a t e r  d i scuss  t h e i r  e f f e c t s  on the  i n t e r p r e t a t i o n  of observa t ions) .  

Dollfus and Camichel (1967) and Camichel and Dollfus (1968) have not  only 

noted t h a t  t h e  e a r l i e r  Pic-du-Midi photographic and v i s u a l  observat ions 

would accomodate e i t h e r  period, but they have a l s o  introduced recent  v i s u a l  

observations which they contend are cons i s t en t  only with a r o t a t i o n  per iod 

of 58.67 t 0.03 days. Within t h e  probable e r r o r ,  t h i s  per iod is  i n  com- 

p l e t e  agreement with t h e  2 : 3  resonance condi t ion.  In  concluding t h i s  b r i e f  

review of the  r e t rospec t ive  r e in t e rp re t a t ion  of e a r l i e r  records,  w e  want t o  

emphasize t h a t  t o  da te  a l l  evaluations of  t h e . r o t a t i o n  per iod of  Mercury 

have made use of recur ren t  appearances of  recognizable f e a t u r e s  on the  

p l a n e t ' s  sur face ;  t he re  a r e  no references t o  d i r e c t  q u a n t i t a t i v e  observat ions 

of r o t a t i o n a l  motion. 

I (We have s tudied  these v i s i b i l i t y  f a c t o r s  i n  some d e t a i l  and 

I 

a 

, 

I 

We i n i t i a t e d  our own program of  photography of Mercury i n  l a t e  1965, 

severa l  months a f t e r  t h e  announcement o f  P e t t e n g i l l  and Dyce. 

f o r  t e l e scop ic  photography, 

s o l a r  system. Never appearing more than 27" (elongation angle) from t h e  

sun, i t s  minute d isk  must usua l ly  be photographed i n  f u l l  dayl ight .  

A s  an objec t  

Mercury is  among t h e  most d i f f i c u l t  i n  t h e  

Opti-  

mum observing geometry involves a compromise between phase and apparent 

s ize ,  and t h i s  occurs when t h e  phase angle' i s  approximately 70". A t  

t h i s  phase the  elongation angle  has an average value of 20" and the  d isk  i s  

a mere 6 seconds of a r c  i n  diameter. The observat ional  d i f f i c u l t y  can bes t  

be expressed by the  l i m i t  of ou r  success over t he  pas t  2% years--a  t o t a l  of 

only 96 useful  photographic p l a t e s  on 64 d i f f e r e n t  da tes .  
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Unti l  March of  t h i s  year ,  thc r e s u l t s  of our  photographic program were 

general ly  inconclusive,  although a p a i r  of p l a t e s  taken on 6-8 May 1966 

s t rongly  suggested the  59-day ro t a t ion  per iod,  

ever ,  we were fo r tuna te  enough t o  obta in  seve ra l  more p l a t e  sequences i n  

which the  d a i l y  r o t a t i o n a l  motion of severa l  sur face  f ea tu res  across  the  

d isk  of Mercury could be detected and measured, Rotation per iods f o r  4 

of these  d i s c r e t e  sur face  f ea tu res  ( t e n t a t i v e l y  labeled A, B,  C ,  D) are 

given i n  Table I .  

During March and Apr i l ,  how- 

The observat ions summarized in Table I give conclusive support t o  

the  r ada r  r o t a t i o n  per iod,  denying once and f o r  a l l  t h e  long-held value 

of 88 days. Making use of the  d i r e c t l y  der ived photographic r o t a t i o n  

per iod,  it was now poss ib le  t o  subs t an t i a l ly  improve t h i s  accuracy through 

the  use of an extended time base.  Features  A, B, and D ,  and two o thers  

( t e n t a t i v e l y  labeled E and F) were measured a t  i n t e r v a l s  of one ( B  only) 

and twelve r o t a t i o n s  of Mercury. With t h i s  f u r t h e r  improvement it was 

f i n a l l y  poss ib le  t o  make use of a 1942 photograph, taken some 160 r o t a t i o n s  

e a r l i e r  a t  Pic-du-Midi, i n  which f ea tu res  E and F were i d e n t i f i e d  and 

measured. Rotation per iods derived from the  r ecu r ren t  appearances of 

f e a t u r e s  A, B, D ,  E and F a r e  given i n  Table 11. The weighted mean value 

f o r  the  r o t a t i o n  per iod  is  58.663 t 0.021 (s.d.), and it w i l l  be noted 

t h a t  the  58.646-day r o t a t i o n  period f o r  t h e  2:3 resonance lock f a l l s  j u s t  

wi th in  the  computed e r ro r .  

I t  must be pointed out  t h a t  a l l  e r r o r s  given i n  Tables I and I1 a r e  

s t a t i s t i c a l  only and do not  include any systematic  e r r o r s  t h a t  may a r i s e  out  

of photographic phase e f f e c t s  o r  uncer ta in ty  i n  t h e  diameter of Mercury 

i tself .  Such systematic  e r r o r s  are probably t h e  cause of the  somewhat 
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l a rge  r o t a t i o n  periods given i n  Table I ;  however, it is  t o  be expected 

t h a t  they would have a g rea t ly  reduced e f f e c t  on t h e  values  given in  

Table 11. 

Mercury of 5 percent  would remove the  discrepancy between Tables I and 11. 

However, uncorrected phase e f f e c t s  could j u s t  as l i k e l y  be the  cause. 

We have estimated t h a t  a reduct ion i n  t h e  accepted diameter of 

When it became c e r t a i n  t h a t  the a x i a l  r o t a t i o n  per iod of Mercury was 

approximately 58.6 days, and t h a t  it was q u i t e  probably locked i n  the  2:3 

resonance with i t s  o r b i t a l  period, we began a s tudy of obse rvab i l i t y  condi- 

t i o n s  t h a t  might have led  t o  t h e  inco r rec t ly  in fe r r ed  88-day period. 

computer program was prepared t o  give the  hermographic longitude of Mercury's 

c e n t r a l  meridian, t h e  longitude of t h e  terminator ,  phase angle ,  elonga- 

t i o n  angle,  e c l i p t i c  longi tude,  and seve ra l  o the r  parameters of  l e s s e r  

importance a l l  assoc ia ted  with the obse rvab i l i t y  of t h e  p l ane t .  

meridian i s  defined as  passing through t h e  subsolar  po in t  a t  t h e  i n s t a n t  

of pe r ihe l i an  passage on 1 May 1968. 

would assure  r ede f in i t i on  of t h e  prime meridian a t  every o the r  pe r ihe l ion  

passage. 

o r b i t a l  plane.  

phase angles,  which we have taken t o  l i e  between 20" and 120". Now, the  

o r b i t a l  per iods of Mercury and the e a r t h  a r e  such t h a t  54 revolu t ions  o f  

Mercury a r e  almost exac t ly  equal t o  13 revolu t ions  of t he  ea r th .  

the  r e l a t i v e  o r b i t a l  pos i t i ons  of t he  two p lane ts  are repeated a t  13-year 

i n t e r v a l s ,  and we were ab le  t o  include a l l  v i s i b i l i t y  geometry i n  a 13-year 

run out  of t h e  computer program. 

A 

The prime 

The assumed 2:3 synchronous lock 

We f u r t h e r  assume t h e  ro t a t ion  axis t o  be perpendicular  t o  t h e  

P r i n t  outs  were obtained a t  d a i l y  i n t e r v a l s  f o r  a l l  usefu l  

Therefore,  

Using phase angle as an observabi l i ty  parameter and s e l e c t i n g  70' a s  

a mean value t o  represent  each elongation, we l i s t e d  the  hermographic 
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longitude of the central meridian and the ecliptic longitude of the planet 

for each of the 82 elongations (41 evening and 41 morning) that occur during 

a 13-year interval. 

south of the celestial equator, and so was arbitrarily divided into four 

latitude zones with each being assigned an observability index: 

4. Thus, for observatories located in the northern hemisphere of the earth, 

the superiority of each elongation is determined by the ecliptic latitude 

index: 1 = excellent, 2 = good, 3 = fair, 4 = poor. For  telescopes 

located in the southern hemisphere, the reverse listing would be appropriate: 

4 = excellent, 3 = good, etc. Fig. 1 is a graphical representation of the 

results of this tabulation. 

The ecliptic carries Mercury alternately north and 

1 through 

Several important characteristics of Mercury's selective visibility 

are immediately evident in Fig. 1. All elongations (both evening and morn- 

ing), favorable to northern hemisphere observatories, tend to accentuate two 

specific longitudes--90' and 270' (dashed lines) --with each being emphasized 

for somewhat more than half of the 13-year cycle. Thus, an observer in the 

northern hemisphere covering only the favorable elongations would be seeing 

essentially the same regions on Mercury for as long as 7 successive years. 

The regions around 0' and 180' longitude are particularly unfavorable, being 

seen only under fair to poor conditions twice during the 13 years. 

now easier to understand why many observers might have concluded that 

Mercury presents but a single hemisphere to the sun (88 day rotation period). 

For an observer in the southern hemisphere, however, all longitudes except 

those near 90' and 270' would be equally well presented and would be seen 

twice during each 13-year cycle. Therefore, the observable longitudes on 

Mercury shift rapidly from year t o  year for a southern hemisphere observer, 

It is 
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and had Sch iapa re l l i  o r  Antoniadi made t h e i r  observat ions from Africa, 

Aus t ra l ia ,  o r  South America, t h e  t rue  r o t a t i o n  per iod of Mercury might have 

been es tab l i shed  long ago. 

In t h i s  ana lys i s  we have assumed t h a t  t h e  observer  can see only the  

hermographic longitude ind ica ted  by t h e  c i r c l e  i n  Fig. 1. O f  course such is 

not the  case. Not only can regions be s tudied  a s  f a r  as 40" from the  cen- 

t r a l  meridian (unless in te rcepted  by t h e  te rmina tor ) ,  but  moderately usefu l  

observat ions can be made over a range of phase angles extending from approxi- 

mately 30' t o  110'. Nevertheless,  t h e  longi tudes ind ica ted  i n  Fig. 1 a r e  

t y p i c a l  of t h e  regions most l i k e l y  t o  revea l  sur face  f ea tu res  under observing 

condi t ions which a r e  l e s s  than ideal .  

- 

There is  ye t  another f a c t o r  which con t r ibu te s  t o  the  pecu l i a r  pa t t e rn  

governing t h e  observabi l i ty  of Mercury's surface.  The e c c e n t r i c i t y  of 

Mercury's o r b i t  causes the  d a i l y  motion of t he  p lane t  around the  sun t o  vary 

between 6:35 a t  per ihe l ion  and 2:75 a t  aphelion. Moreover, it happens t h a t  

t he  d a i l y  motion near  pe r ihe l ion  i s  approximately equal t o  the  d a i l y  ro t a -  

t i o n a l  displacement (6:14) given by the  58.646-day r o t a t i o n  period. A s  a 

consequence of t h i s ,  t he  hermographic longi tudes of t h e  terminator  remain 

nea r ly  constant  a t  90' and 270' f o r  20 consecutive days centered on p e r i -  

he l ion .  

our northern hemisphere ( la rge  c i r c l e s )  i n  Fig. 1 a r e  or ien ted  i n  v e r t i c a l  

A t  those times when t h e  curves connecting elongat ions favorable  t o  

p a i r s ,  per ihe l ion  occurs near  phase angle  35', approximately 8 days before 

and 8 days a f t e r  t h e  70' optimum phase angles for t h e  evening and morning 

elongat ions,  respec t ive ly .  This causes longitude 90' (or 270') t o  appear 

along Mercury's terminator  f o r  about 10 consecutive days during the  nominal 

usefu l  observing i n t e r v a l  of ce r t a in  evening elongat ions.  Then, some 2% 
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months l a t e r  during t h e  corresponding morning elongat ion,  t h e  same longi -  

tude w i l l  be seen on t h e  evening terminator  f o r  another  10 consecutive days. 

A similar p a t t e r n  occurs  f o r  those times when t h e  elongat ions favorable  t o  

our southern hemipshere (small dots)  are a l ined  i n  v e r t i c a l  p a i r s .  In  t h i s  

case pe r ihe l ion  occurs near  phase angle  115', about 18 days from t h e  70" 

optimum phase angle.  

ment is unequal f o r  those elongations favorable ,  r e spec t ive ly ,  t o  the te r -  

r e s t r i a l  northern and southern hemispheres, as can be seen i n  Fig. 1. Thus, 

t he  condi t ions producing those  c h a r a c t e r i s t i c  e longat ions with hermographic 

longi tudes 90' o r  270' along the terminator  w i l l  p e r s i s t  throughout a l a r g e r  

p a r t  of t he  13-year cyc le  f o r  those elongat ions most favorable  t o  our  

northern hemisphere. 

The frequency of occurrence of pa i red  v e r t i c a l  a l i n e -  

We have shown how a pecu l i a r  obse rvab i l i t y  p a t t e r n  might have misled 

e a r l i e r  v i s u a l  observers  i n t o  be l iev ing  t h a t  Mercury keeps the  same s i d e  

turned toward t h e  sun. We w i l l  d iscuss  now s t i l l  another  f a c t o r  which must 

be taken i n t o  considerat ion when attempting t o  explain the  h i s t o r i c a l  v i sua l  

observations.  We refer t o  the  v i s i b i l i t y  o r  con t r a s t  of t h e  f e a t u r e s  them- 

se lves ,  and consequently t o  the  r e l i a b i l i t y  of  v i s u a l  observat ions i n  

general .  McGovern, Gross, and Rasool (1965) have s tudied  seve ra l  sets of v i s u a l  

observat ions with t h e  conclusion t h a t  Mercury's r o t a t i o n  per iod  i s  58.4 ? 0.4 

days. While we f u l l y  agree with the  writers' conclusion, we s t rong ly  ques- 

t i o n  t h e  means by which they  ar r ived  a t  t h i s  r e s u l t .  

r o t a t i o n  per iod was heavi ly  influenced by four  p a i r s  of  Antoniadi 's  obser- 

va t ions .  I n  examining t h e  published drawings of Antoniadi (1934), we f i n d  

o the r  observat ions which are i n  ser ious c o n f l i c t  with t h r e e  of t he  p a i r s  used 

Spec i f i ca l ly ,  t h e i r  
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by McGovern e t  a l .  

s e l ec t ing  only those  observat ions which tend t o  support it, and by ignoring 

those which do not.  

Thus, t h e  59-day r o t a t i o n  per iod could be obtained by 

In studying these  contradictory observat ions f u r t h e r ,  we have measured 

the  hermographic longitude of a prominent f e a t u r e ,  which appears a t  approx- 

imately 320' i n  8 of Antoniadi 's  20 drawings, and f i n d  a d ispers ion  i n  

longitude t h a t  extends over an in t e rva l  of 75'. 

d i spers ion  t o  be due only t o  random e r r o r s  of observat ion,  t h e  standard 

devia t ion  would be 27', near ly  equal t o  h a l f  of  t h e  d is tance  from the  cen te r  

of t he  d isk  t o  t h e  limb! We a r e  therefore  forced t o  conclude t h a t  a t  l e a s t  

some of t h e  "accepted1' v i s u a l  observations are completely inaccura te ,  prob- 

ably because of marginal v i s i b i l i t y  of sur face  f e a t u r e s  on Mercury. 

now t o  d i r e c t  measures of v i s i b i l i t y .  

If we were t o  assume t h i s  

We tu rn  

Photographs of Mercury taken i n  red l i g h t  on 25 Apri l  1968 show a well- 

defined f ea tu re  of non-typical conspicuousness a t  240' longi tude and located 

near  t he  cen te r  of the  disk.  

t o  t h e  photographic p l a t e s  has permitted an eva lua t ion  of both t h e  apparent 

and i n t r i n s i c  con t r a s t s  of t h i s  marking. 

about 0.20, somewhat less than the  dark a reas  on t h e  moon (0.4) and Mars (0.3 

i n  yellow l i g h t ) .  

0.08 because Mercury was necessar i ly  observed through the  i l luminated 

t e r r e s t r i a l  daytime sky. Less conspicuous markings had c o n t r a s t s  l e s s  than 

h a l f  as  g rea t ,  and t h i s  c e r t a i n l y  represents  marginal v i s i b i l i t y .  Typical 

su r f ace  f e a t u r e s  on Mercury therefore  a re  q u i t e  d i f f i c u l t  t o  de t ec t  by 

d i r e c t  v i s u a l  observation, and i t  must remain f o r  high c o n t r a s t  photography 

t o  provide t h e  most r e l i a b l e  means ava i l ab le  a t  t h i s  time f o r  mapping t h e  

Photometric c a l i b r a t i o n  appl ied a t  t he  time 

We f i n d  an i n t r i n s i c  con t r a s t  of 

However, t he  apparent con t r a s t  of t h i s  f ea tu re  was only 

sur face  of Mercury. 
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Our work with Mercury continues, The 13-year ephemeris and a provi- 

s iona l  map of t h e  surface of  Mercury w i l l  be published i n  the  near  future.  

We wish t o  thank C. F.  Knuckles, T. P. Pope and A. S. Murre11 who 

obtained the  Mercury photographs, T. C. Bruce for programming, and t h e  NMSU 

Computer Center f o r  making CDC 3300 and IBM 1130 time ava i lab le .  Th i s  work 

was supported i n  pa r t  by NASA grants  NsG-142-61 and NGR-32-003-027. 

References 

Antoniadi, E .  M. (1934). "La Planhe  Mercure", Gauthier-Vil lars ,  Paris. 

Camichel, H. and Dollfus, A. (1968). Icarus 8, 216. - 
Chapman, C. R. (1967): Earth Planetary Sci .  Letters 3, 381. - - - 
Colombo, Nature 208, - 575. 

Colombo, G.  and Shapiro, I .  I.  (1966). Astrophys. J., 145. - 
Cruickshank, D. P .  and Chapman, C. R .  (1967). Sky and Telescope 34 24. 

Dollfus, A. (1953). L'Astronomie 67, 61. 

-' -- 
- 

Dollfus,  A. (1961). In "Planets and S a t e l l i t e s "  (G. P. Kuiper and B. M. 
Middlehurst, eds.) p. 534, University of Chicago Press, Chicago. 

Dollfus, A. and Camichel, H. (1967). Compt. Rend. 264, 1765. -- 
Goldreich, P. and Peale, S. J. (1966). Nature 209, 1078. - 
Jefferys, W. H. (1 966) . Science 152, 201. - 

P e t t e n g i l l ,  G .  H. and Dyce, R. (1965). Nature 206, 1240. - 
Sch iapa re l l i ,  G.  (1890). Astron. Nachr. 123, 242. -- 



11 

TABLE I 

Rotation Periods Derived f rom the  Motion of Surface Features 
Across the  Disk of Mercury a t  In te rva ls  Less Than a Single  Rotation. 

Feature In te rva l  Observed Observations Rotation Period (days) 

A 25-31 March 1968 3 61.0 2 0.6 

B 23-28 March 1968 3 64.3 2 2.0 

65.8 2 5.0 C 28-31 March 1968 2 

D 6-8 May 1968 2 54.7 2 11.0 

D 5-13 April  1968 5 58.7 2 1.5 

Weighted Mean 61.14 2 1.68 

TABLE I1 

Rotation Periods Derived from t h e  Recurrence of Surface 
Features on the  Disk  of Mercury a t  In te rva ls  of One o r  More Rotations.  

Features In te rva l  Observed Observations Rotation Period (days) 

A 27 Apr 88-28 Mar 68 4 58.688 2 0.045 

B 27 Apr 66-28 Mar 68 5 58.696 2 0.055 

D 6 May 66-13 Apr 68 7 58.681 2 0.015 

E 10 Aug 42-30 Jan 68 3 58.652 2 0.010 

F 10 Aug 42-30 Jan 68 3 58.654 k 0.011 

Weighted Mean 58.663 5 0.021 
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